mm (range, −4 to +1 mm) postoperatively. Preoperatively, the modified Gartland and Werley score was an average (and standard deviation) of 69.5 ± 7.6, with twenty-four wrists rated poor and seven rated fair. Postoperatively, the score improved to an average of 92.5 ± 8.0, with twenty-four wrists rated excellent; five, good; one, fair; and one, poor. Dorsal subluxation of the distal aspect of the ulna was found concomitantly in nine wrists, and it was found to be reduced by the shortening osteotomy. Seven patients had cystic changes in the carpal bones preoperatively, but these were not evident one to two years after the operation.
Conclusions: Ulnar shortening osteotomy improved wrist function in patients with idiopathic ulnar impaction syndrome and reduced the subluxation of the distal radioulnar joint, which is commonly found in these patients. Degenerative cystic changes of the ulnar carpal bones appear to resolve following the shortening osteotomy.
Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.
lnar impaction syndrome, which is frequently seen in patients with positive ulnar variance, can be defined as a degenerative condition characterized by ulnar wrist pain, swelling, and limitation of motion related to excessive load-bearing across the ulnar aspect of the wrist 1 . The common acquired predisposing conditions for this syndrome include malunion of a distal radial fracture, premature physeal arrest of the distal part of the radius, and a previous radial head resection or an Essex-Lopresti injury [1] [2] [3] [4] . However, in patients who have congenital or dynamic positive ulnar variance with wrist pronation and forceful grip without any history of fracture or premature physeal arrest, the condition is termed "idiopathic" ulnar impaction syndrome. The purpose of this study was to evaluate the clinical features and outcomes of idiopathic ulnar impaction syndrome in a group of patients treated surgically with an ulnar shortening osteotomy.
Materials and Methods

Demographic and Surgical Data
hirty-one wrists in twenty-nine consecutive patients with idiopathic ulnar impaction syndrome were treated with an ulnar shortening osteotomy. There were seven men and twenty-two women with an average age of 40.5 years (range, sixteen to fifty-seven years). None of them had a history of fracture in the wrist or forearm.
The most common presenting symptom was ulnar wrist pain, and additional symptoms included a decreased range of motion, weakness of grip, and swelling or clicking of the wrist. The symptoms had a gradual onset and were related to the oc- cupation and sports activities of the patients. Patients with definite traumatic injuries to the wrists were excluded from the study.
The diagnosis was made on the basis of a review of the history; the findings of the physical examination, including the use of a provocative maneuver, such as the ulnocarpal stress test 1 , in which the wrist is deviated ulnarward and the forearm is pronated; and plain radiographs that showed positive ulnar variance with or without cystic change(s) of the lunate or triquetrum. In twenty-five wrists, a magnetic resonance image was also acquired to identify abnormalities of the triangular fibrocartilage complex.
The inclusion criteria for the diagnosis were (1) no history of trauma of the forearm and wrist; (2) a history of ulnar wrist pain that was worsened by pronation and ulnar deviation of the wrist with such activities as opening a jar, squeezing a wet towel, typing, or changing the gearshift in an automobile; (3) a positive provocation test (ulnocarpal stress test); and (4) positive ulnar variance with or without cystic changes of the carpus on plain radiographs.
The exclusion criteria were radiographic evidence of an old fracture of the forearm or wrist or radiographic evidence of congenital anomalies such as a Madelung deformity.
Nonoperative treatment, including nonsteroidal antiinflammatory medications and splinting, was tried for more than three months in all patients. In seventeen patients who showed cystic changes of the carpal bones on the radiographs or a degenerative tear of the triangular fibrocartilage complex on the magnetic resonance imaging scan, arthroscopy of the wrist was done along with the ulnar shortening procedure.
The dominant hand was involved in seventeen patients. The goal of the shortening osteotomy was to obtain a final ulnar variance of between 0 and -1 mm. All osteotomies were done transversely and were fixed with a six or seven-hole 3.5-mm standard compression plate (Stryker Trauma, Selzach, Switzerland) in twenty-four patients and with a one-third tubular plate (Stryker Trauma) in seven patients in whom the ulna was too small for a standard compression plate. Postoperatively, the patients were managed for the first two weeks with a long arm splint that was then converted to a removable long arm splint and was worn for an additional period of four to eight weeks.
Radiographic Evaluation
Perioperative ulnar variances were measured with the method of perpendiculars, whereby a line is drawn perpendicular to the longitudinal axis of the radius at its distal ulnar aspect, and the distance between it and the line at the end of the ulna is measured 2 (Figs. 1-A and 1-B). Special attention was given to problems of the distal radioulnar joint, and patients with localized pain in the distal radioulnar joint rather than on the ulnar side of the wrist were excluded from this study. However, patients who presented with ulnar impaction syndrome and coexistent problems of the distal radioulnar joint were included. To quantify the status of the distal radioulnar joint, the radioulnar distance 5 was measured perioperatively on a true lateral radiograph of the wrist, in which the pisoscaphoid distance was <3 mm (Figs. 2-A and 2-B) . The anteroposterior radiograph of the wrist was made with the shoulder abducted to 90°, the elbow flexed to 90°, and the forearm in neutral rotation. The lateral radiograph was made with the shoulder at 0° abduction and the elbow and forearm in the same amount of flexion and rotation.
Follow-up
The average duration of postoperative follow-up was thirty-two months (range, eighteen to sixty months). All twenty-nine patients had a preoperative evaluation of the wrist with use of the scoring system of Gartland and Werley as modified by Chun and Palmer
3
. The patients were seen postoperatively every two to four weeks until radiographic union was confirmed, and they were examined with use of the evaluation system to obtain a wrist score at three and six months and once yearly thereafter.
Statistical Analysis
Perioperative wrist scores and ulnar variances were analyzed with use of the paired Student t test. In patients with increased radioulnar distances, the changes in these distances and ranges of forearm motion after the ulnar shortening osteotomy were analyzed with the Wilcoxon signed-rank test. Correlation analysis was done to assess any relationship between the ulnar variance and the radioulnar distance. Statistical analysis was conducted with the SPSS software package (SPSS, Chicago, Illinois), and significance was established at p < 0.05.
Results
Clinical Evaluations
he preoperative wrist score was an average (and standard deviation) of 69.5 ± 7.6, with twenty-four wrists rated poor and seven rated fair. At the time of the final follow-up, the average score had improved to 92.5 ± 8.0, with twenty-four wrists (Table I ). In two patients who had a bilateral osteotomy, the grip strength had improved >20% postoperatively and was rated as excellent in objective strength.
Of the twenty-nine patients with idiopathic ulnar impaction syndrome, nine were diagnosed clinically as having concomitant problems of the distal radioulnar joint, with tenderness, limitation of forearm rotation, and apparent dorsal prominence of the distal aspect of the ulna. After ulnar shortening, these symptoms also improved. Tenderness of the distal radioulnar joint disappeared as did the dorsal prominence of the distal aspect of the ulna, as shown by the decreased radioulnar distance in the radiographic findings. Rotation of the forearm in the nine patients also improved from an average of 122° (range, 90° to 160°) to an average of 148° (range, 140° to 160°) postoperatively (p = 0.018).
Union of the osteotomy was achieved at an average of 11.5 weeks (range, eight to sixteen weeks). There were no nonunions or infections. Two patients had development of a postoperative reflex sympathetic dystrophy, which improved nine months and eleven months, respectively, after the operation. However, the final wrist score was fair in one patient and poor in the other.
Radiographic Findings
The average ulnar variance was +4.6 mm (range, 2 to 7.5 mm) preoperatively and -0.7 mm (range, −4 to +1 mm) postoperatively (p < 0.0001). In the nine patients with clinical dorsal subluxation of the distal aspect of the ulna, the preoperative radioulnar distance averaged +7.1 mm (range, +4.5 to +12 mm) on the true lateral radiograph. This distance decreased to an average of +2.8 mm (range, +2 to +4 mm) postoperatively (p = 0.008). A positive correlation was detected between ulnar variance and the radioulnar distance, and the coefficient of correlation was 0.376 (p = 0.037).
Preoperatively, seven of the thirty-one wrists showed cystic changes in the carpal bones on plain radiographs; four had changes in the lunate; two, in both the lunate and the triquetrum; and one, in the triquetrum. One to two years after the ulnar shortening osteotomy, most of these cystic changes were absent from the radiographs (Figs. 3-A and 3-B) .
Arthroscopic Findings
Arthroscopy of the wrist joint was done in addition to an ulnar shortening osteotomy in seventeen patients who had cystic changes of the carpus on the radiographs or evidence of a degenerative tear of the triangular fibrocartilage complex on magnetic resonance imaging. Degeneration of the triangular fibrocartilage complex was seen in all seventeen patients, and a central perforation was noted in five patients. All patients had chondromalacia 6 of the lunate. Grade-I chondromalacia (localized softening of the articular cartilage with minimal or no break on the surface) was found in three patients; grade II (an area of fibrillation or fissuring of articular cartilage with an irregular surface), in five; grade III (definite fibrillation with fissuring of articular cartilage extending down to the subchondral bone), in eight; and grade IV (exposed and eroded subchondral bone), in one patient. The lunotriquetral ligament was found to have a partial tear and minimal laxity in nine patients. Seven patients had chondromalacia in the triquetrum, with grade I in three, grade II in three, and grade III in one. Arthroscopic débridement of the triangular fibrocartilage complex, lunate, lunotriquetral ligament, and/or triquetrum was performed in these patients.
In three patients who had cystic changes in the lunate and chondromalacia that was classified as grade III or higher, a subchondral microfracture of the lunate was created. With the arthroscope in the 3-4 portal and the working instrument in the 6R portal, we exposed the crater after lifting and débrid-ing a cartilage flap, if present. Then we cleared the crater and, with a banana knife (Linvatec, Largo, Florida), fractured the subchondral bone down to bleeding cancellous bone.
Discussion
lnar variance in Asians is usually positive, with a mean value of +0.86 mm in Koreans 7 , +0.313 mm in the Taiwanese 8 , and +0.20 mm in the Japanese population 9 , whereas ulnar variance in the white population is usually negative, with a mean value of -0.9 mm in Americans 10 and -0.84 mm in Danes 11 . These findings suggest that the prevalence of idiopathic ulnar impaction syndrome may be more common in Asians than in white individuals. Nakamura et al. 5 reported that, in normal wrists, the difference between the radioulnar distance in the right and left wrists does not exceed 4 mm when the difference in the piso-U Subjective motion score 6.9 ± 2.1 9.4 ± 1.1 <0.0001
Objective motion score 7.8 ± 0.9 9.2 ± 1.3 <0.0001
Objective strength score 7.6 ± 1.9 9.0 ± 1.5 0.0008
*The values are given as the mean and the standard deviation.
scaphoid distance is <3 mm. With use of this finding as the criterion for a true lateral radiograph, the radioulnar distance was measured in patients who presented clinically with dorsal subluxation of the distal aspect of the ulna and was found to have decreased postoperatively. With ulnar shortening, the extrinsic ulnocarpal ligaments are tightened, perhaps stabilizing the distal aspect of the ulna and the lunotriquetral articulation 1, 12 . Another possible explanation is that the ulnar aspect of the carpus may be contacting the very long ulna and driving it out dorsally. When the ulna is shortened, the impaction stops and the distal aspect of the ulna can settle back into the sigmoid notch. 
